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Refinement of an in vivo exsheathment assay of Haemonchus contortus in ruminally fistulated ewes
Madison Parks

Sponsor: Katherine Petersson, Fisheries, Animal and Veterinary Science; Marissa Brummett (M.S. Candidate)
INTRODUCTION
Haemonchus contortus, commonly known as the barber pole worm, inhabits the digestive tract of sheep and goats (Figure 1). H. contortus has life cycle stages that are commonly studied in
relation to infection development. The parasite egg hatches within the fecal pellet, progresses through the third larval stage (L3), the infective stage, before exiting the pellet. Once ingested by the
grazing animal, the parasite sheds its outer cuticle in the rumen (exsheathment) and becomes fully infective to the animal. It then migrates to the abomasum (gastric stomach), develops into an
adult while feeding on the blood in the abomasum, causing anemia and sometimes death in susceptible animals. Research is being conducted to aid the identification of alternative methods of
parasite control through the feeding of forages and other plants containing bioactive compounds with anti-parasitic properties to test their ability to hinder these worms. It is thought that these
bioactive compounds might hinder the rate of exsheathment in the rumen therefore many studies rely on in vitro exsheathment assays to mimic the action of the rumen, with a few studies
attempting to study exsheathment within the rumen (in vivo). Previous work completed by members of our laboratory has generated a capsule used for the means of testing the ability of L3
larvae to exsheath in ruminally fistulated ewes using an in vivo assay (Lonngren 2017). This capsule, despite serving its purpose, is costly, limiting its usefulness in research studies. The goal of this
project is to identify new capsules that are equallybeneficial and more cost effective, thus enabling a wider adoption of the in vivo exsheathment assay.
Figure 1. Haemonchus contortus

OBJECTIVES

Determine each test capsule:
1) Efficacy for larval containment,
2) Efficacy for in vitro larval exsheathment,
3) Efficacy for in vivo larval exsheathment as compared to the control capsule.

METHODS
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Figure 2. Capsule components
Figure 3. Capsule Assembly
LARVAL ESCAPE TESTS (LET):
LET 1 Procedure: ~ 2000 L3 went into each capsule (all). Capsules suspended in water in
50ml Falcon™ tubes and shaken vigorously for 20 minutes. Capsules removed and 50ml
falcon tubes centrifuged down. Bottom 5ml of water where larvae settled were read under
microscope for escaped larvae in 15 pulls of 10ul. LET 1 was intended to check for gross
failure of capsules (lack of seal) as preliminary results.

LET 2 Procedure: Steps completed in conjunction with CO2 in vitro
exsheathment: ~ 2000 L3 went into each capsule Capsules in 50ml
Falcon™ tubes were filled to 30ml line with water and were bubbled
with CO2 for 15 minutes. Samples were placed in incubator (Daisy
ANKOM, Ithaca NY) which simulates rumen movement at 37oC for 18
hours. Capsules are removed and water in Falcon™ tubes is left to sit
for 1+ hours to allow larvae to settle. The top 25 ml of water is
removed and the remaining 5ml of liquid read under microscope for
escaped larvae in 10 pulls of 10ul per pull.
Figure 4. Daisy Incubator ANKOM
IN VITRO CO2 EXSHEATHMENT
2000 L3 were added to each capsule (1, 3, 4, 5, + Control). Capsules
were suspended in 30 ml of water in a Falcon™ tube. Tubes were then
subjected to a CO2 treatment for 15 minutes and sealed using Parafilm
following established procedures (Condor and Johnson, 1996) and
incubated as described above. After incubation, larval capsules were
removed from Falcon™ tubes. Larvae was examined under the
microscope for presence of sheath to determine percent live
exsheathment (#live exsheathed L3/total live L3).
Figure 4. CO2 Exsheathment
IN VIVO EXSHEATHMENT
The in vivo exsheathment assay was conducted in accordance with procedures established
by Lonngren, et al. (2017). 2,000 L3 were added to each capsule type and capped using the
respective cap and membrane types (Figures 2 &3). Capsules were placed in a mesh bag
with the bag tied to a 20 cm cord and suspended in the rumen of four fistulated ewes. After
an 8 hour exposure period, larvae were observed under the microscope to determine % live
exsheathment (as described above)

RESULTS

RESULTS

STAGE 1 – Larval Escape Test (2 rounds)
LET 1 PROCEDURE RESULTS: The findings following the first round
of escape tests concluded that capsule 2 was not fit for the in vivo
assay due to complete capsule failure.
LET 2 PROCEDURE RESULTS: The findings following the second
round of escape tests concluded that capsule 4 was not fit for the
in vivo assay due to a substantial number of larvae having escaped.
It is hypothesized that the reason this capsule successfully passed
the first escape test and failed the second was because the second
test was completed over 18 hrs., which is a longer time frame than
the 20 mins for LET 1. Given both failed capsules contained two
layers of Millipore Isopore Membrane Filter of 8.0 micron TETP as
their membrane it can be concluded that double layering of this
filter led to a poor seal and therefore larvae escaped, making it
unsuitable for the in vivo assay.
STAGE 2 – In Vitro CO₂ Exsheathment
The results from capsule 1 were not able to
be included in the data due to technical error,
therefore, this capsule’s data was excluded.
Capsules 3, 4, and 5 all performed better than
the controls (which were consistent with
exsheathment rates from controls in the
previous weeks that averaged 44.68% LE.

Figure 9. Cost effectiveness breakdown per 100 assays run

Figure 5. Number of L3 Larvae Escaped
from both LET 1 (Exp1) and LET 2 (Exp2)

STAGE 3 – In Vivo Exsheathment

Figure 7. Viability rates of Haemonchus contortus larvae in
vivo using different capsule types.

Capsule 1 was unable to be calculated due to lack of
knowledge about the filter provided by Cornell so price of
filter membrane is unknown. Capsules 2, 3, and 4 are
significantly less expensive due to the reusability of the
PVC capsule, leaving the only cost being the filter
membrane. Capsule 3 is less expensive because it only
uses one filter membrane per capsule. Capsule 5 and
Control are so costly due to their nunc membrane caps.

DISCUSSION
The capsules that made it through all three tests and
were comparable with the control capsule already in use
were the 3 and 5 capsules. Capsule 3 had slightly lower
viability than the Control in both the 04/08/19 and
04/10/19 experiments, but had higher live exsheathment
rates. Capsule 5 was compared only on the 04/10/19
experiment and had better live exsheathment and
viability. Both cost less than the control capsule; capsule
3 significantly more so, however. These are preliminary
results for this capsule testing and in the future further
studies repeating these stage tests will have to be
conducted to provide replication of results before a
capsule can be decided on as a replacement for the
control capsule currently in use as of Spring 2019.
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Figure 6. Viability and live exsheathment rates of Haemonchus
contortus larvae exposed to CO2 treatment using different capsule
types.

Figure 8. Live exsheathment rates of Haemonchus contortus
larvae in vivo using different capsule types.
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